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Association Between Body Mass Index and Asthma Symptoms 
Among Korean Children: A Nation-Wide Study
The purpose of this study was to investigate the association between body mass index (BMI) 
and the prevalence of wheeze using nation-wide cross-sectional study in Korean children. 
Total 50,200 children from 427 elementary schools were randomly selected according to 
residential areas (metropolitan, provincial, rural, and industrial areas) by the cluster 
sampling method. The International Study of Asthma and Allergies in Childhood (ISAAC) 
questionnaires were used to measure the prevalence of wheeze. Among 31,026 
respondents, 25,322 were analyzed. BMI was classified into quartiles based on BMI-for-
age percentile. In all residential areas, pets at home and visible mold or moisture were 
associated with an increased prevalence of wheeze in both genders. However, other living 
environment factors were not consistently associated among residential areas and gender. 
Among girls, lowest BMI was negatively associated with prevalence of wheeze and highest 
BMI was positively associated in all residential areas. In multilevel logistic regression 
analysis, environmental tobacco smoking exposure, pets at home, visible mold or 
moisture, and being in the lowest and highest BMI quartile were significantly associated 
with the prevalence of wheeze in both genders. BMI has become an important risk factor 
for asthma symptoms among Korean children. 
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INTRODUCTION
The prevalence of asthma and obesity has increased substan-
tially during the last several decades in many countries. In the 
Republic of Korea (ROK), the prevalence of childhood obesity 
(5.4% in 1998 to 11.3% in 2001) and asthma (2.7% in 1995 to 5.3% 
in 2000) also have increased (1-3). Due to their increased preva-
lence, both obesity and asthma were recognized as a major pub-
lic health issue in the ROK. Many epidemiologic studies have 
shown an association between obesity and asthma in both adults 
and children (4-6). However, obesity-asthma link or the under-
lying mechanism remains still controversial (5).
 In the ROK, few studies have investigated the association be-
tween childhood obesity and asthma or asthma symptoms (1, 
7, 8): these studies had several limitations in study design and 
analysis because most were hospital-based, case-control stud-
ies with small sample sizes. Furthermore, in cross-sectional stud-
ies, the contextual effect of residential areas was not considered 
in the sampling method and analysis. Since both lifestyle and 
indoor or outdoor environment associated with a residential 
area may also confound any association between obesity and 
asthma (9, 10), factors associated with the residential area must 
be considered in the study design and analysis. 
 In the present study, we investigated the association between 
childhood obesity based on body mass index (BMI) and self re-
ported asthma symptoms among elementary school children 
(mostly 8-11 yr old) using nation-wide cross-sectional data that 
includes characteristics of residential areas in the ROK.
MATERIALS AND METHODS
Study design and subjects 
Data on the geographic location and number of students of all 
elementary schools (6,279 schools) in 2006 were acquired from 
the Ministry of Education, Science and Technology (MEST) of 
the ROK. To obtain a representative population from elementa-
ry schools in each residential area, a clustered random sam-
pling method was used. Residential areas were divided into four 
groups: metropolitan, provincial, rural, and industrial areas. Ten 
percent of elementary schools in each group, of which the num-
ber in a class was over three, were randomly selected, with the 
exception of schools in industrial area. Details of the study de-
sign have been described previously (3). In each elementary 
school, one class from each grade (from grades 3 to 5; 8-11 yr 
old) was randomly selected. 
 Letters of invitation, informed consent requests, and question-
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naires were mailed to the selected elementary schools from Oc-
tober through November 2006. Parents or caregivers of the chil-
dren were asked to complete the questionnaire. Among 50,200 
participants from 427 elementary schools, a total of 31,026 (61.8 
%) students from 363 (85.0%) elementary schools responded to 
the mailing survey. 
Questionnaire 
In this study, the Korean version of the International Study of 
Asthma and Allergies in Childhood (ISAAC) written question-
naire (WQ) for asthma following the guidelines suggested by 
ISAAC was used. Detailed characteristics of the Korean version 
of the ISAAC WQ have been reported previously (1, 7). ISAAC 
WQ was validated and used to identify the children currently 
suffering from the symptoms of asthma. In this study, prevalence 
of wheeze is defined as a history of at least 1 attack of wheezing 
during the last 12 months. The questionnaire included questions 
on demography (age, gender, height, and weight), monthly elec-
tricity bill (as a proxy indicator of socio-economic status), envi-
ronmental tobacco smoking (ETS) exposure, and potential al-
lergens (pets at home, presence of visible mold or moisture) in-
cluding experiences over one’s lifetime and in the last 12 months. 
Questions on living environments such as residential area, his-
tory of moving to new house, and construction year of the resi-
dence also were included. 
Statistics 
If there were missing or outlier values in informed consent or 
crucial items such as age ( ≤ 5 or ≥ 15 yr), gender, height, weight, 
and answers for symptom questions, those questionnaires were 
excluded from the analysis. The final number of students includ-
ed in the analysis was 25,322 (10,555 boys and 14,767 girls). Sur-
vey weights for respondents were constructed beginning with 
reciprocals of inclusion probabilities for differential probabili-
ties of selection and non-response. 
 BMI was calculated by self-reported height and weight, and 
classified into four groups ( ≤ 25 percentile, 26-50 percentile, 51-
75 percentile, and > 75 percentile) based on BMI-for-age per-
centiles of Korean growth charts that were developed based on 
data from national growth surveys for children and adolescents 
(27,403 boys and 25,657 girls) in 1998 and 2005 (11). In this study, 
we evaluated the association between demographic or environ-
mental characteristics and wheeze using a two-stage hierarchi-
cal model because of the possibility of a contextual effect of res-
idential area on the risk of wheeze. In the first stage, univariate 
or multiple logistic regression analysis was conducted to inves-
tigate any independent association between potential confound-
ers and wheeze in each residential area. In the second stage, to 
combine residential area-specific estimates, multilevel logistic 
regression analysis using the GLIMMIX procedure (SAS version 
9.2, SAS Institute Inc, Cary, NC, USA) was used; the usual two-
level random-intercept model, with factors associated with de-
mographics or living environment as level-1 units and with res-
idential areas as level-2 units were used. All analyses were con-
ducted separately by gender.
Ethics statement
This study was approved by the institutional review board (IRB) 
of Yonsei University Health System (approval number: 4-2007-
0083). Informed consent was obtained from all parents and stu-
dents.
RESULTS
General characteristics
Among 25,322 students, 4.9% (6.0% in boys and 4.1% in girls) re-
ported having wheeze symptoms in the last 12 months. In uni-
variate logistic regression analysis, demographic characteristics 
such as age, birth weight, BMI, prematurity, and physician-di-
agnosed disease were significantly associated with the preva-
lence of wheeze among boys (Table 1). In girls, all variables with 
the exception of age and birth weight were significantly associ-
ated with the prevalence of wheeze. In both boys and girls, the 
lowest BMI ( ≤ 25 percentile) was negatively associated with the 
prevalence of wheeze compared with the 26-50 percentile, and 
the 51-75 percentile. Conversely, the highest BMI ( > 75 percen-
tile) was positively associated with the prevalence of wheeze. 
 Table 2 shows the association between living environments 
and the prevalence of wheeze. Factors such as ETS exposure, 
history of moving to new house, presence of visible mold and 
moisture, pets at home, and construction year of the residence 
(10-19 or ≥ 20 vs 3-4 yr) were positively associated with the prev-
alence of wheeze in both boys and girls. The prevalence of wheeze 
was significantly higher in industrial area compared with pro-
vincial area among girls but not among boys. The prevalence of 
wheeze was significantly lower in rural area compared with pro-
vincial area among boys. 
Effect of BMI and birth weight
In multivariate logistic regression analysis after stratification of 
the respondents by residential areas (Table 3), birth weight was 
negatively associated with the prevalence of wheeze across all 
residential areas among boys. In metropolitan area, the lowest 
BMI ( ≤ 25 percentile) was negatively associated with the prev-
alence of wheeze compared with the 26-50 percentile, and the 
51-75 percentile and the highest BMI ( > 75 percentile) was pos-
itively associated. Another area has partially significant associa-
tion between the prevalence of wheeze and BMI. 
 In girls, the prevalence of wheeze was negatively associated 
with lowest BMI in all residential areas (Table 4). However, the 
association between the prevalence of wheeze and highest BMI 
was positively in all residential areas.
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Table 1. Demographic characteristics of study participants and association with wheeze in the last 12 months by gender
Parameters
Wheeze in the last 12 months
Boys Girls
Yes (n = 600) No (n = 9,955) Risk ratio (95% CI) Yes (n = 582) No (n = 14,185) Risk ratio (95% CI)
Age (yr) 10.3 ± 0.89 10.3 ± 0.87 0.97 (0.95-0.99) 10.3 ± 0.87 10.3 ± 0.87 0.97 (0.88-1.06)
Birth weight (kg)
   (missing)
  3.3 ± 0.46 
(16)
  3.3 ± 0.45 
(203)
0.87 (0.83-0.91)   3.2 ± 0.44 
(15)
  3.2 ± 0.43 
(237)
0.96 (0.79-1.17)
BMI (kg/m2) 19.1 ± 3.08 18.5 ± 3.00 1.06 (1.05-1.06) 18.0 ± 2.80 17.5 ± 2.55 1.08 (1.04-1.11)
BMI percentile
   ≤ 25
   26-50
   51-75
   75<
 
137 (22.8)
264 (44.0)
  70 (11.7)
129 (21.5)
 
2,615 (26.3)
4,732 (47.5)
1,048 (10.5)
1,560 (15.7)
 
0.90 (0.85-0.95)
1.00
1.22 (1.13-1.31)
1.45 (1.37-1.54)
 
146 (25.1)
281 (48.3)
53 (9.1)
102 (17.5)
 
  4,498 (31.7)
  6,839 (48.2)
1,201 (8.5)
  1,647 (11.6)
 
0.77 (0.73-0.81)
1.00
1.05 (0.97-1.14)
1.49 (1.40-1.59)
Prematurity*
   Yes
   No
 
41 (7.2)
532 (92.8)
 
 370 (3.8)
9,305 (96.2)
 
2.00 (1.83-2.18)
1.00
 
30 (5.3)
537 (94.7)
 
   492 (3.6)
13,349 (96.5)
 
1.50 (1.35-1.66)
1.00
Physician diagnosed disease
   Asthma
      Yes
      No
   Allergic rhinitis*
      Yes
      No
   Atopy*
      Yes
      No
   Food allergy*
      Yes
      No
 
313 (52.2)
287 (47.8)
 
350 (59.3)
240 (40.7)
 
254 (43.5)
330 (56.5)
 
  63 (10.8)
518 (89.2)
 
 661 (6.6)
9,294 (93.4)
 
3,172 (32.2)
6,683 (67.8)
 
2,589 (26.5)
7,165 (73.5)
 
 510 (5.2)
9,239 (94.8)
  
 
15.4 (14.6-16.1)
1.00
 
3.14 (3.00-3.29)
1.00
 
2.06 (1.97-2.16)
1.00
 
2.08 (1.93-2.24)
1.00
 
 
264 (45.4)
318 (54.6)
 
300 (52.5)
272 (47.6)
 
270 (47.6)
297 (52.4)
 
  59 (10.4)
511 (89.7)
 
 
   711 (5.0)
13,474 (95.0)
 
  3,378 (24.0)
10,706 (76.0)
 
  3,987 (28.5)
  9,996 (71.5)
 
   700 (5.0)
13,310 (95.0)
 
 
15.4 (14.7-16.2)
1.00
 
3.46 (3.31-3.62)
1.00
 
2.24 (2.14-2.34)
1.00
 
2.19 (2.03-2.37)
1.00
*Numbers of participants do not add up to total number due to missing data. 
Table 2. Environmental characteristics of study participants and association with wheeze in the last 12 months by gender
Parameters
Wheeze in the last 12 months
Boys Girls
Yes (n = 600) No (n = 9,955) Risk ratio (95% CI) Yes (n = 582) No (n = 14,185) Risk ratio (95% CI)
Residential area
   Metropolitan area
   Provincial area
   Rural area
   Industrial area
 
278 (46.3)
186 (31.0)
105 (17.5)
31 (5.2)
 
4,410 (44.3)
3,051 (30.7)
1,901 (19.1)
593 (6.0)
 
1.03 (0.98-1.09)
1.00
0.91 (0.85-0.96)
0.86 (0.73-1.01)
 
246 (42.3)
193 (33.2)
100 (17.2)
43 (7.4)
 
6,043 (42.6)
4,712 (33.2)
2,547 (18.0)
883 (6.2)
 
0.99 (0.94-1.05)
1.00
0.96 (0.90-1.02)
1.19 (1.03-1.37)
Electricity bills (U$/month)*
  < 30
   30-59
   ≥ 60
 
141 (24.1)
317 (54.1)
128 (21.8)
 
2,551 (26.0)
5,198 (52.9)
2,071 (21.1)
 
0.88 (0.83-0.94)
1.03 (0.97-1.09)
1.00
 
154 (26.7)
302 (52.4)
120 (20.8)
 
3,832 (27.4)
7,423 (53.0)
2,756 (19.7)
 
0.88 (0.82-0.94)
0.90 (0.85-0.95)
1.00
Passive smoking*
   Yes
   No
 
195 (33.3)
391 (66.7)
 
2,906 (30.0)
6,790 (70.0)
 
1.17 (1.15-1.23)
1.00
  
199 (35.1)
368 (64.9)
  
4,332 (31.1)
9,583 (68.9)
  
1.20 (1.14-1.26)
1.00
Moving to new house*
   Yes
   No
 
320 (55.1)
261 (44.9)
 
4,880 (50.4)
4,802 (49.6)
 
1.20 (1.15-1.26)
1.00
295 (51.9)
273 (48.1)
 
6,909 (49.9)
6,948 (50.1)
 
1.10 (1.05-1.15)
 1.00
Visible mold or moisture
   Yes
   No
 
209 (34.8)
391 (65.2)
 
2,552 (25.6)
7,403 (74.4)
 
1.59 (1.52-1.66)
1.00
 
195 (33.5)
387 (66.5)
 
3,734 (26.3)
10,451 (73.7)
 
1.44 (1.38-1.51)
1.00
Pets at home
   Yes
   No
 
112 (18.7)
488 (81.3)
 
1,669 (16.8)
8,286 (83.2)
 
1.10 (1.04-1.17)
1.00
 
117 (20.1)
465 (79.9)
 
2,339 (16.5)
11,846 (83.5)
 
1.27 (1.21-1.35)
1.00
Construction year of the residence*
   ≤ 2
   3-4
   5-9
   10-19
   ≥ 20
 
50 (8.5)
86 (14.6)
172 (29.1)
222 (37.6)
61 (10.3)
 
1,047 (10.7)
1,442 (14.8)
2,925 (29.9)
3,539 (36.2)
816 (8.4)
 
0.81 (0.74-0.89)
1.00
0.96 (0.89-1.03)
1.02 (0.96-1.10)
1.19 (1.09-1.31)
 
67 (11.8)
76 (13.3)
196 (34.4)
184 (32.3)
47 (8.3)
 
1,379 (9.9)
2,222 (15.9)
4,123 (29.6)
5,073 (36.4)
1,154 (8.3)
 
1.46 (1.33-1.60)
1.00
1.46 (1.35-1.57)
1.10 (1.02-1.18)
1.23 (1.11-1.36)
*Numbers of participants do not add up to total number due to missing data. 
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 In multilevel logistic regression analysis, birth weight was neg-
atively associated with the prevalence of wheeze and the risk 
ratio of the prevalence of wheeze has significantly increased 
from the lowest to highest BMI among boys (Table 3) and girls 
(Table 4).
Effect of other environmental factors
For boys, the prevalence of wheeze among boys was positively 
associated with pets at home and visible mold or moisture in 
multivariate logistic regression analysis (Table 3). The associa-
tion between the prevalence of wheeze and age, ETS exposure, 
moving to new house, and electricity bill was different among 
residential areas. In multilevel logistic regression analysis, ETS 
Table 3. Adjusted risk ratio and 95% confidence intervals associated with wheeze in the last 12 months in boys 
Variables
Residential area*
Total†
Metropolitan area Provincial area Rural area Industrial area
Age (yr) 0.94 (0.90-0.98) 1.02 (0.97-1.07) 1.13 (1.07-1.20) 0.62 (0.50-0.78) 0.99 (0.96-1.01)
Birth weight (kg) 0.95 (0.88-1.03) 0.73 (0.66-0.80) 0.66 (0.59-0.74) 0.99 (0.65-1.51) 0.81 (0.77-0.85)
BMI percentile
  ≤ 25
   26-50
   51-75
   75 <
 
0.86 (0.78-0.95)
1.00
0.92 (0.81-1.04)
1.14 (1.03-1.27)
 
1.11 (0.99-1.23)
1.00
1.28 (1.10-1.48)
2.38 (2.14-2.65)
 
0.63 (0.55-0.72)
1.00
1.65 (1.42-1.91)
0.92 (0.79-1.07)
 
2.27 (1.49-3.48)
1.00
1.79 (0.97-3.32)
2.60 (1.57-4.21)
 
0.91 (0.85-0.97)
1.00
1.19 (1.10-1.30)
1.44 (1.34-1.54)
ETS exposure 1.22 (1.12-1.32) 1.15 (1.05-1.26) 1.09 (0.98-1.21) 0.99 (0.68-1.45) 1.10 (1.02-1.19)
Pets at home 1.20 (1.09-1.33) 1.08 (0.96-1.21) 1.02 (0.89-1.18) 2.53 (1.66-3.87) 1.12 (1.05-1.19)
Visible mold or moisture 1.29 (1.19-1.41) 1.66 (1.52-1. 82) 1.94 (1.75-2.15) 1.32 (0.90-1.94) 1.62 (1.55-1.71)
Moving to new house 1.35 (1.25-1.46) 1.41 (1.28-1.55) 0.89 (0.79-0.99) 0.97 (0.67-1.40) 1.27 (1.17-1.38)
Construction year of the residence
  ≤ 2
   3-4
   5-9
   10-19
  ≥ 20
 
0.63 (0.53-0.76)
1.00
1.32 (1.17-1.50)
1.30 (1.15-1.47)
1.71 (1.47-2.00)
 
0.89 (0.77-1.04)
1.00
0.91 (0.80-1.03)
0.92 (0.81-1.05)
0.86 (0.70-1.05)
 
0.99 (0.78-1.25)
1.00
0.83 (0.69-0.99)
1.00 (0.84-1.20)
1.30 (1.06-1.60)
 
1.54 (0.52-4.52)
1.00
1.14 (0.61-2.14)
1.69 (0.90-3.17)
2.85 (1.31-6.19)
 
0.81 (0.73-0.90)
1.00
1.02 (0.94-1.11)
1.06 (0.98-1.15)
1.27 (1.14-1.41)
Electricity bill (U$/month)
   Low ( < 30)
   Middle (30-59)
   High ( ≥ 60)
 
1.17 (1.05-1.30)
0.96 (0.88-1.06)
1.00
 
0.78 (0.69-0.89)
1.01 (0.90-1.13)
1.00
 
0.99 (0.84-1.16)
1.36 (1.18-1.56)
1.00
 
0.83 (0.50-1.37)
0.78 (0.49-1.23)
1.00
 
0.93 (0.85-1.01)
1.05 (0.97-1.13)
1.00
*Multiple logistic regression analysis; †Multilevel logistic regression analysis with residential area. ETS, environmental tobacco smoking.
Table 4. Adjusted risk ratio and 95% confidence intervals associated with wheeze in the last 12 months in girls 
Variables
Residential area*
Total†
Metropolitan area Provincial area Rural area Industrial area
Age (yr) 0.97 (0.92-1.01) 0.98 (0.93-1.02) 0.94 (0.89-0.99) 1.21 (1.01-1.44) 0.96 (0.93-0.98)
Birth weight (kg) 0.85 (0.77-0.93) 1.01 (0.92-1.12) 1.32 (1.17-1.48) 0.53 (0.38-0.73) 0.95 (0.90-0.99)
BMI percentile
  ≤ 25
   26-50
   51-75
   75 <
 
0.83 (0.75-0.91)
1.00
0.83 (0.71-0.97)
1.52 (1.36-1.70)
 
0.59 (0.54-0.66)
 1.00
1.05 (0.91-1.21)
1.18 (1.05-1.33)
 
0.71 (0.63-0.81)
1.00
1.18 (0.99-1.40)
1.64 (1.43-1.87)
 
0.80 (0.55-1.18)
1.00
1.70 (1.06-2.74)
1.38 (0.89-2.15)
 
0.75 (0.71-0.80)
1.00
1.09 (0.99-1.20)
1.42 (1.31-1.53)
ETS exposure 1.37 (1.26-1.49) 0.90 (0.82-0.98) 1.39 (1.25-1.54) 1.20 (0.87-1.65) 1.15 (1.06-1.25)
Pets at home 1.02 (0.92-1.14) 1.27 (1.15-1.41) 1.37 (1.20-1.56) 1.96 (1.35-2.87) 1.21 (1.14-1.28)
Visible mold or moisture 1.23 (1.13-1.35) 1.63 (1.49-1.78) 1.80 (1.63-2.00) 1.32 (0.94-1.85) 1.51 (1.43-1.58)
Moving to new house 1.02 (0.94-1.12) 1.28 (1.17-1.39) 0.83 (0.74-0.93) 0.84 (0.62-1.15) 1.08 (0.99-1.18)
Construction year of the residence
  ≤ 2
   3-4
   5-9
   10-19
  ≥ 20
 
1.57 (1.36-1.81)
1.00
1.06 (0.93-1.20)
1.04 (0.92-1.18)
0.87 (0.72-1.04)
 
1.18 (1.01-1.38)
1.00
1.40 (1.23-1.60)
0.88 (0.77-1.00)
1.56 (1.30-1.87)
 
3.41 (2.59-4.48)
1.00
3.29 (2.59-4.19)
2.42 (1.89-3.10)
1.87 (1.41-2.47)
 
0.51 (0.19-1.38)
1.00
0.95 (0.59-1.51)
0.51 (0.30-0.85)
0.25 (0.09-0.69)
 
1.46 (1.32-1.62)
1.00
1.44 (1.32-1.56)
1.06 (0.97-1.16)
1.15 (1.02-1.29)
Electricity bill (U$/month)
   Low ( < 30)
   Middle (30-59)
   High ( ≥ 60)
 
0.93 (0.83-1.04)
0.95 (0.87-1.04)
1.00 
 
1.17 (1.03-1.33)
1.01 (0.89-1.14)
1.00
 
0.63 (0.55-0.73)
0.70 (0.61-0.79)
1.00
 
1.85 (1.09-3.14)
1.54 (0.93-2.54)
1.00
 
0.94 (0.86-1.02)
0.90 (0.84-0.98)
1.00
*Multiple logistic regression analysis; †Multilevel logistic regression analysis with residential area. ETS, environmental tobacco smoking.
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exposure, pets at home, visible mold or moisture, and moving 
to new house were positively associated with the prevalence of 
wheeze among boys. 
 In girls, the association between the prevalence of wheeze 
and pets at home, and presence of visible mold and moisture 
was positively in all residential areas (Table 4). The association 
between potential confounding factors such as ETS exposure, 
moving to new house, construction year of the residence, and 
electricity bill and the prevalence of wheeze was not consistent 
across residential areas. In multilevel logistic regression analysis, 
the prevalence of wheeze was positively associated with ETS ex-
posure, pets at home, visible mold or moisture, and construc-
tion year of the residence, whereas, age, birth weight, and mid-
dle electricity bill were negatively associated with the prevalence 
of wheeze.
DISCUSSION
In the present study, we used a two-stage hierarchical model to 
control contextual effect of residential areas, and observed a sig-
nificant association between the prevalence of wheeze and BMI 
and living environmental factors such as ETS exposure, pets at 
home, and presence of visible mold or moisture among elemen-
tary school children. The association was evident in the highest 
BMI percentile group, and stronger in girls. In the ROK, two cross-
sectional studies were conducted to investigate the prevalence 
of asthma and other allergic diseases in 1995 and 2000. Although 
limitations on the data analysis exist, they also showed the as-
sociation between increased prevalence of wheeze and BMI in 
the 2000 but not in the 1995 survey (1). These results suggest 
that BMI has become a triggering factor for asthma symptoms 
in Korean children, which is consistent with previous studies 
conducted in western countries (12, 13). Many studies have pro-
posed the potential underlying mechanisms for the relationship 
between obesity and asthma symptoms; systemic inflamma-
tion (14, 15), airway hyper-responsiveness (16), common genet-
ic pathways (17), changes in diet and physical activity, and me-
chanical factors: gastro-esophageal reflux, obstructive sleep ap-
nea, and reduced lung volumes. However, some studies failed 
to show an association, while others showed as association in 
one gender (18, 19). Due to issues in the measurement of obe-
sity in children and many potential confounding factors such as 
environment, allergens, and genotypes, large prospective birth 
cohort studies will be required to identify temporal relationships 
between obesity and asthma or asthma symptoms and plausi-
ble mechanisms to explain this relationship. The lowest BMI and 
birth weight were associated with the decreased prevalence of 
wheeze in the present study. Although results regarding birth 
weight are still contradictory (20), epidemiologic studies consis-
tently have suggested a positive relationship between these fac-
tors and development of asthma among children (21). 
 We classified in quartiles of BMI-for-age percentiles of Korean 
growth charts. Similar results were obtained when BMI were 
classified into underweight ( < 5th percentile), normal ( ≥ 5th 
and < 85th percentile), overweight ( ≥ 85th and < 95th percen-
tile), obese ( ≥ 95th percentile). In multilevel logistic regression 
analysis, odds ratio (OR) underweight, overweight and obese on 
prevalence of wheeze among boys were 0.93 (95% confidence 
interval [CI], 0.82-1.06), 1.43 (95% CI, 1.32-1.54) and 1.46 (95% 
CI, 1.30-1.63), respectively. Among girls, higher BMI was also 
significantly associated with higher prevalence of wheeze; OR 
of underweight, 0.89 (95% CI, 0.79-0.99); OR of overweight, 1.40 
(95% CI, 1.29-1.53); OR of obese, 1.86 (95% CI, 1.65-2.10). 
 In the present study, poor living environments such as ETS ex-
posure, pets at home, presence of visible mold or moisture, his-
tory of moving to new house, and construction year of the resi-
dence ( ≥ 20 vs 3-4 yr) were associated with an increase in the 
prevalence of wheeze among both boys and girls in multilevel 
logistic regression analysis. ETS and mold are known to be strong 
allergens and the possibility of the presence of mold, moisture 
and other allergens such as endotoxin, house dust mites, and 
microorganisms is high in older houses. Therefore, these factors 
might play a role in an increase in the prevalence of wheeze, par-
ticularly among children. Moving to new house and residing in 
a newly constructed house, especially at an early age, may also 
increase the risk of developing asthma or asthma symptoms 
due to exposure to new allergens such as volatile organic com-
pounds, particulate matter, sulfur dioxide, and nitrogen species 
(22). However, across residential areas, these associations were 
not consistent with the exception of pets at home and presence 
of visible mold or moisture. 
 Compared with other residential areas, moving to new house 
was negatively associated with the prevalence of asthma symp-
toms in rural area; in provincial area, construction year of the 
residence (old vs new house) also were negatively associated 
with the prevalence of wheeze among boys and ETS exposure 
was negatively associated among girls; in industrial area, con-
struction year of the residence (old vs new house) also were neg-
atively associated with the prevalence of wheeze among girls 
only. Although the possibility of a reverse association might ex-
ist due to the cross-sectional nature of our study, we think that 
risk factors associated with residential areas such as sedentary 
life style, exposure to microbes, food intake, car transportation, 
and exposure to indoor or outdoor air pollution also might af-
fect study results because early-life exposures may interact with 
genotype and response to environmental factors (23). Previous 
studies have shown the protective effect of exposure to livestock 
or poultry, stables, allergens, and endotoxin in rural areas against 
the development of asthma and allergies, which was different 
from those observed in urban areas (24).
 Contrary to the results in boys, the prevalence of wheeze 
among girls was positively associated with construction year of 
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the residence ( ≤ 2 vs 3-4 yr) as determined by multilevel logis-
tic regression analysis. Across residential areas, the association 
between potential confounding factors and the prevalence of 
wheeze was not consistent with the exception of highest BMI, 
pets at home and presence of visible mold or moisture, and dif-
fered from those observed among boys. It was difficult to inter-
pret these findings because of study limitations. However, one 
possible explanation is that because the prevalence of asthma 
or asthma symptoms in childhood is more common in boys with 
a switch to increased prevalence in girls by adolescence (25), the 
association between risk factors and asthma symptoms among 
girls might not have been appropriately explored. Gender dif-
ferences on these issues are not fully understood, and further 
investigations are still needed. 
 This study has some important limitations. First, BMI was cal-
culated based on reported height and weight. We cannot exclude 
the possibility of measurement error. Since elementary students 
measure anthropometry once a year at school, they know rela-
tively accurate their height and weight. Although previous stud-
ies have suggested that BMI calculated from self-reported height 
and weight may be a valid indicator of obesity (26), self-report-
ed data may underestimate the true prevalence of obesity and 
vice versa. Because self-reported heights are higher than mea-
sured heights and self-reported weights are smaller (27), the mis-
classification of BMI is non-differential. Thus, our results are bi-
ased toward the null and underestimate the true effect. Second, 
the prevalence of asthma symptoms might not be accurately es-
timated. In this study, we used the Korean version of the ISAAC 
WQ to investigate the prevalence of asthma symptoms. However, 
results from the ISAAC study showed that both WQ and a video 
questionnaire (AVQ) should be used in order to better define 
asthma in a population survey, regardless of translation or in-
terpretation problems (28). A previous cross-sectional study 
conducted in Korea also showed that the prevalence of asthma 
symptoms was generally high using the WQ compared to AVQ 
(1). Although like other epidemiologic studies, ISAAC WQ was 
used in this study. Thus, the prevalence of asthma symptoms 
might be overestimated. Third, non-response bias might have 
occurred due to a relatively low response rate. In this study, the 
overall response rate was 61.8%, which was the marginal response 
rate recommended by the ISAAC protocol (over 60%-70% in chil-
dren). However, among respondents, only 81.6% were included 
in the analysis due to outlier or missing values in major indepen-
dent variables such as age, gender, height, and weight. Although 
we used a weighting adjustment to compensate for survey non-
response, weighting adjustment for non-response cannot com-
pensate for bias that is attributable to differences in the under-
lying population means or frequencies for respondents and non-
respondents. To acquire an unbiased estimate of risk ratio, fur-
ther investigations considering an increase in response rate and 
acquisition of the information on the characteristics of non-re-
spondents are needed. Finally, we used self-reported question-
naire data. A recent study showed that BMI does not represent 
the fat distribution in children (29). Although it is an indirect mea-
surement of body fat, it is thought to be a valid proxy for fat mass 
in children because of its strong association with total body fat. 
BMI is easily calculated and convenient to use in large-scale ep-
idemiological studies (30). Moreover, we estimated the environ-
mental factors by questionnaire in the current study. Therefore, 
further studies involving more detailed data on the clinical char-
acteristics of asthma and potential confounding factors such as 
socioeconomic status, residential areas, and indoor or outdoor 
environment also must be considered.
 In conclusion, we observed that BMI has become an impor-
tant factor for asthma or asthma symptoms among children in 
the ROK, and the associations between living environments and 
asthma symptoms were different between gender and among 
residential areas. Despite several limitations, our results suggest 
that a prevention strategy and implementation plan to reduce 
asthma or asthma symptoms should be considered according 
to differences between types of residential areas. 
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